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The results of operation in all patients with univentric-
ular heart and an obstructed anterior subaortic outlet
chamber who were operated on utilizing extracorporeal
circulation at the Mayo Clinic from 1973 through 1983
were reviewed. Ten of the 18 patients died during the
immediate postoperative period and there was one late
death. Factors significantly related to operative and im-
mediate postoperative mortality were age at operation,
cardiothoracic ratio on X-ray examination, degree of ST
Univentricular heart (double inlet left ventricle) is a con-
genital cardiac malformation with a poor natural history. In
one study 0), more than 50% of the patients died within
14 years of diagnosis. For this reason, various palliative
(2-15) and "corrective" 06-36) surgical approaches have
been advocated. However, in those patients with an anterior
subaortic outlet chamber, the outlet foramen frequently be-
comes obstructed after pulmonary artery banding (12, 15,36).
Moreover, these patients have a particularly high mortality
rate with attempted "corrective" surgery. Reports of op-
eration on 15 patients with this lesion have been published
previously (12,15,27,33,35,36) and 9 of these patients (60%)
died during the immediate postoperative period. We report
our surgical results in 18 patients with this lesion and de-
scribe the factors predictive of outcome.
Methods
Study patients. The records for all patients with uni-
ventricular heart who were operated on at the Mayo Clinic
utilizing extracorporeal circulation from 1973 through 1983
were reviewed. Patients who had a univentricular heart with
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depression on electrocardiogram and pressure gradient
across the outlet foramen at catheterization. Autopsy in
eight cases revealed significant hypertrophy of ventric-
ular myocardium and a small outlet foramen that was
considered stenotic relative to either body surface area
or aortic root area. The ventricular myocardium showed
histologicchanges of chronic ischemia that predated the
surgical procedure.
an anterior subaortic outlet chamber whose pressure gradient
across the outlet foramen was 10 mm Hg or greater by
cardiac catheterization before surgery were included in the
study. Patients with tricuspid atresia and transposition of
the great arteries, regardless of the pressure gradient across
the ventricular septal defect, were excluded. Eighteen pa-
tients (11 male, 7 female) met the criteria of the study.
Study procedure. The clinic records of the 18 patients
were examined for details of the history, physical exami-
nation, chest roentgenogram, cardiac catheterization, op-
eration and postoperative course. When available, two-di-
mensional echocardiograms were reviewed to determine the
size of the outlet foramen, diameter of the aortic root and
thickness of the ventricular wall. Pathologic specimens at
autopsy, available in eight cases, were reviewed to deter-
mine these same measurements and also myocardial his-
topathologic features.
For comparison, we also reviewed the histopathologic
features of myocardium from patients younger than 20 years
of age who had a univentricular heart with an anterior sub-
aortic outlet chamber but without an outlet foramen obstruc-
tion. Specimens were available from eight such patients who
died during the immediate postoperative period.
Statistical methods. To determine factors that would
predict a poor surgical outcome, the surviving group was
compared with the nonsurviving group by means of Stu-
dent's t test, with degrees of freedom adjusted for unequal
variances when appropriate. Only those differences with a
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Table 1. Results of Surgery in Patients With Univentricular Heart and Obstructed Anterior
Subaortic Outlet Chamber
Previously Reported Mayo Clinic
Cases* Cases
Procedure Patients Nonsurvivors % Patients Nonsurvivors %
Enlarge foramen I 100 0 0
Aortopulmonary anastomosis 2 0 0 2t 2 100
Ventricular septation 7 7 100 3 2 67
Modified Fontan 5 I 20 13 6 46
Total 15 9 60 18 10 56
*From references 12, 15, 27. 33. 35 and 36. tOne patient had both enlargement of the foramen and
aortopulmonary anastomosis.
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two-tailed probability of less than 0.05 were considered
significant. All data were expressed as mean ± standard
deviation.
Results
Preoperative data. Thirteen of the 18 patients previ-
ously had banding of the pulmonary artery, and the re-
maining 5 had natural pulmonary or subpulmonary stenosis.
Three of these five had undergone a prior systemic to pul-
monary artery shunt procedure. The pressure gradient across
the outlet foramen in the 18 patients ranged from 12 to 136
mm Hg (mean 63).
Operations (Table 1). The operations performed were:
a modified Fontan procedure in 13 patients, ventricular sep-
tation in 3 patients, transection of the main pulmonary artery
with a proximal pulmonary artery to aorta anastomosis and
a Goretex conduit from aorta to distal pulmonary artery in
1 patient and resection of the outlet foramen and side to
side aorta to main pulmonary artery anastomosis in 1 patient.
This latter patient had a double outlet outlet chamber with
both outlet foramen obstruction and subpulmonary obstruc-
Table 2. Data From Patients With Univentricular Heart and Obstructed Anterior Subaortic
Outlet Chamber
Survivors Nonsurvivors
Age at operation (yr) 16.0 ± 5.1 6.5 ± 4.2*
Prior pulmonary artery band 4/8 (50%) 9/10 (90%)
Taking digoxin before operation 3/8 (38%) 5/10 (50%)
Chest roentgenogram
Pulmonary vascularity increased 5/8 (62%) 5/10 (50%)
Cardiothoracic ratio 0.50 ± 0.07 0.61 ± 0.05*
Electrocardiogram
Rate (beats/min) 87 ± 23 103 ± 10
Axis COl 114 ± 12 99 ± 24
Absolute maximal ST deviation (mm) 1.9 ± 1.2 4.0 ± 1.8t
Echocardiogram
Outlet foramen diameter (mm) 133 ± 4.2 4.3 ± 22§
Outlet foramen area/body surface area ( x 105) 12.2 ± 6.3 2.3 ± 2.2§
Outlet foramen area/aortic root area (%) 13.3 7.7§
% predicted of normal left ventricular 156 ± 14 190 ± 59§
wall thickness
Catheterization
Qp:Qs 1.4 ± 0.6 1.3 ± 0.4
Gradient across outlet 37 ± 20 84 ± 36t
foramen (mm Hg)
Operation
Aortic cross-clamp time (min) 82 ± 24 77 ± 33
Bypass time (min) 140 ± 26 153 ± 52
Outlet foramen gradient (mm Hg)
Begmrung procedure 24 ± 17 57 ± 19t
Ending procedure 4 ± 16 10 ± II
*p < 0.001; tp < 0.01; tp < 0.05; §statistical calculation not performed because of the small number of
patients. Data are reported as mean values ± standard deviation. Qp:Qs = ratio of pulmonary to systemic
blood flow.
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Figure 1. Electrocardiogram of a nonsurvivor demonstrating typ-
ical ST segment changes, This patient was not on digoxin therapy.
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Figure 3. Relation between pressure gradient across the outlet
foramen obtained by catheterization and at surgery. The regression
equation is: surgical gradient = 0.63 times catheterization gra-
dient. r = 0.83 (p < 0.001). Preop = preoperative.
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tion. Ten of the 18 patients died within 72 hours of oper-
ation. Our surgical mortality rate of 56% is comparable with
the 60% obtained from other previously reported studies
(12,1 -; .27 ,33,35 ,36), Incontrast. the surgical mortality rate
was 14% for the last 50 patients with all types of univen-
tricular heart operated on at the Mayo Clinic.
Comparisons between survivors and nonsurvivors
(Table 2). No item of the history or physical examination
differentiated these two groups. Nonsurvivors had a larger
cardiothoracic ratio on chest roentgenogram and greater ST
segment deviation on the electrocardiogram than did sur-
vivors (Fig. 1 and 2). No patient with ST depression of
more than 3 mm in any electrocardiographic lead survived,
By two-dimensional echocardiography, survivors had a
larger outlet foramen than nonsurvivors, and this relation
remained valid when the size of the outlet foramen was
adjusted for the differences in age and size between the two
groups by indexing it to either body surface area or aortic
root area. The left ventricular wall thickness expressed as
a percent of predicted for weight was greater for nonsur-
vivors than for survivors. Valid statistical analysis of the
echocardiographic data was impossible because of the ret-
rospective nature of the study. Most patients in the first half
of the study either never had echocardiography or the echo-
cardiogram was not satisfactory to accurately measure the
aortic root, outlet foramen and left ventricular posterior
wall. During the second half of the study, only two of the
three measurements could be determined on some of the
echocardiograms. Therefore. outlet foramen and left ven-
tricular wall thickness were measured in only three survivors
and six nonsurvivors and aortic root dimension for only two
survivors and four nonsurvivors.
Figure 2. Differences between survivors and nonsurvivors with
respect to ST segment deviation. ECG = electrocardiographic: 0
sun ivor; • = nonsurvivor.
Figure 4. Relations among age, outcome and pressure gradient
across the outlet foramen at cardiac catheterization. /':, = survivor
Mayo Clinic: .. = nonsurvivor Mayo Clinic.
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Table 3. Comparison Between Available Echocardiographic
and Autopsy Data for Nonsurvivors
Figure 5. Univentricular heart in a 22 monthold boy. The outlet
foramen (arrows) is severely obstructed. The right (R) and left
(L) atrioventricular valves insert into the left ventricle. The pul-
monary trunk (PT) arises from the left ventricle, and the aorta
(Ao) emanates from the outlet chamber.
The pressure gradient measured across the outlet fora-
men at cardiac catheterization was one of the most reliable
predictors of outcome. Survivors had a significantly lower
gradient than did nonsurvivors, and no patient with a gra-
dient greater than 66 mm Hg survived.
There was no difference between survivors and nonsur-
vivors with respect to aortic cross-clamp time, bypass time
or ventricular-aortic pressure gradient at the end of the sur-
gical procedure. The gradient measured across the outlet
foramen at the beginning of operation was significantly lower
for survivors than for nonsurvivors. The correlation between
the pressure gradient measured at catheterization and that
at operation is shown in Figure 3. Survivors were signifi-
cantly older than nonsurvivors at the time of operation. No
patient in our series younger than 10 years of age survived,
regardless of the pressure gradient (Fig. 4).
Autopsy data. Analysis of the eight available autopsy
specimens from patients with outlet foramen obstruction
who died during the immediate postoperative period re-
vealed findings similar to those obtained with echocardi-
ography. However, the size of the outlet foramen was greater
and the values for aortic root area and percent of predicted
left ventricular wall thickness were smaller than those ob-
tained by echocardiography (Table 3). A typical example
of the hypertrophied myocardium with a stenotic outlet for-
amen, as seen in this condition, is shown in Figure 5.
Histologic specimens from each of these eight patients
showed changes of chronic myocardial ischemia that pre-
dated the surgical procedure. Most of the ischemic changes
were subendocardial, but some were subepicardial. There
were four types of chronic ischemic changes: vacuolization
of myocardial cells, patchy fibrosis, nonpatchy or diffuse
fibrosis and interstitial granulation tissue (Fig. 6). An isch-
emic index was calculated by summing the four types of
ischemic changes from five slides for each patient (mild =
1, moderate = 2, and severe = 3). This index correlated
positively with ST depression for patients who died during
the immediate postoperative period (Fig. 7). The ischemic
changes for nonsurvivors with and without outlet obstruction
are compared in Table 4. The ischemic index was signifi-
cantly greater (p < 0.05) for patients with outlet obstruction
(5.6 ± 3.8) than for those without obstruction (2.1 ± 1.6).
The specimens also showed signs ofacute ischemia. One
patient had evidence of an approximately 1 day old myo-
cardial infarction involving the outlet chamber, although the
degree of compromise of myocardial function by this in-
farction could not be estimated. In the other seven patients,
the microfocal changes caused by acute ischemia were not
considered severe enough to account for the significant myo-
cardial dysfunction apparent after operation.
Follow-up of survivors. The eight patients who sur-
vived the immediate postoperative period have been eval-
uated for a mean of 28 months (minimum 2 weeks, maxi-
mum 63 months) after operation. Despite relief of the outlet
obstruction as evidenced by a mean pressure gradient of 4
mm Hg across the outlet foramen after the operation, the
majority of survivors have continued to have cardiac prob-
lems. One patient died 33 months after undergoing a Fontan
procedure and resection of his outlet foramen. He had under-
gone cardiac catheterization 2 weeks before his death, and
the pressure gradient across the outlet foramen was 11 mm
Hg. He also had a 15% left to right shunt at the oversewn
valve, but his repair was otherwise intact. Supraventricular
tachycardia had developed 1 month before his death, and
Autopsy
(n = 8)
8.7 ± 4.5
6.0 ± 4.2
27 ± 18
177 ± 22
4.3 ± 2.2
2.3 ± 2.2
7.7
190 ± 59
Echocardiogram
(n = 6)
Data are reported as mean values ± standard deviation.
Outlet foramen diameter (mm)
Outlet foramen area/body surface area
(X 10- 5)
Outlet foramen area/aortic root area (%)
% predicted of normal left ventricular
wall thickness
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Figure 7. Relation between ischemic index (calculated by his-
tologic changes) and maximal ST segment depression. The regres-
sion equation is: ischemic index = 1.9 + 1.5 times maximal ST
depression. (r = 0.85, P < 0,001). Solid lines represent predicted
ischemic index and 5th and 95th percentiles.
Figure 6. Photomicrographs showing four types of chronic myo-
cardial Ischemia, A, Vacuolization of myocardial cells (magnifi-
cation x 350), B, Patchy interstitial fibrosis (magnification X 35),
C. Diffuse interstitial fibrosis (magnification x 90), D, Active
interstitial granulation tissue (magnification x 175). (All hema-
toxylin-eosin; reduced by 25%.)
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he had a cardiac arrest after receiving verapamil intrave-
nously during an episode of tachycardia. Autopsy revealed
hemorrhagic pulmonary edema, congestive hepatic fibrosis
and bilateral thalamic hemorrhages, At the time of death,
the left ventricular wall thickness was 140% of predicted
normal thickness and there was histologic evidence of chronic
myocardial ischemia with mild nonpatchy and moderate
patchy fibrosis and vacuolated myocytes. Also, this patient
had had the highest preoperative pressure gradient across
the outlet foramen (66 mm Hg) of any operative survivor.
Another survivor experienced dehiscence of his atrio-
ventricular valve patch and required reoperation 11 months
after undergoing a modified Fontan procedure. Subsequent
catheterization revealed a 2 mm Hg pressure gradient across
his outlet foramen. Fifty months after the modified Fontan
procedure, he developed atrial flutter, but he is otherwise
doing well. A third operative survivor has exertional dysp-
nea 18 months after undergoing a modified Fontan proce-
dure. and a fourth remains cyanotic 56 months after a mod-
ified Fontan procedure. A fifth patient was doing well 63
months after ventricular septation, but recently, he devel-
oped a murmur consistent with a ventricular septal defect.
He has not yet undergone repeat catheterization to confirm
this diagnosis, The sixth, seventh and eighth patients are
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Table 4. Compari son of Myocardial Ischemic Changes for Nonsurvivors With or Without
Outlet Obstruction
Chron ic Ischemic Changes
Patchy Diffuse Granulation
Vacuolizati on Fibrosis Fibrosis Tissue
Grade Obst* NorrObsrl' Obst NonObst Obst NonObst Obst NonObst
None 6 7 I 3 2 3 5 8
Mild I I 4 5 4 4 2 0
Moderate 0 0 I 0 I I 0 0
Severe I 0 2 0 I 0 I 0
Number of patients with obstructed (Obst*) or nonobstructed (NonObstt ) outlet foramen for each grade of
chrome ischemic change.
l ACC Vol 4. No 4
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asymptomatic 2 weeks, 1 month and 9 months . respectively ,
after undergoing a modified Fontan procedu re.
Discussion
Univentricular heart is a cardiac malformation that has
a poor natural history and usually requires surgical treat-
ment. One form of univentricular heart-that with ob-
structed anterior subaortic outlet chamber-has a particu-
larly high incidence of surgical mortality. This high mortality
rate may be due to myocardial dysfunction caused by severe
ventricular hypertrophy and ischemia resulting from ven-
tricular outflow obstruction. Our 10 nonsurvivors had a mean
left ventricular wall thickness that was 190% of the predicted
normal value determined by echocardiography. They had
significant cardiomegaly by chest roentgenogram and ST
deviation by electrocardiograph y. The ST deviation corre-
lated with signs of chronic subendocardial ischemia
histologically.
Exclusion of tricuspid atresia. Because the right ven-
tricle in tricuspid atresia may have all the components of a
normal though hypoplastic ventricle (37- 42), the question
of whether tricuspid atresia constitutes a form of univen-
tricular heart is unresolved (42- 45). Since the ventricular
septal defect may close spontaneously in tricuspid atresia
(41,46-48) but not, to our knowledge , in the univentricul ar
heart , it is unknown whether the natural history or surgical
morbidity and mortality of these two lesions is equivalent.
Therefore, we excluded patients with tricuspid atresia from
our study. We also excluded , when possible , patients with
tricuspid atresia from the data of the referenced authors in
our comparison charts and tables. Accord ingly , our study
include s only those forms of univentricul ar heart that may
be designated double inlet left ventricle .
Palliative operations. Many patients with univentricular
heart and anterior subaortic outlet chamber require some
procedure to control pulmonary edema before 1 year of age.
Because of the reported association between pulmonary ar-
tery banding and subsequent development of obstruction of
a subaortic outlet foramen (12,15,36). Penkoske et al. (36)
suggested that pulmonary artery banding in the neonate with
univentricular heart and anterior subaortic outlet chamber
may be avoided by transection of the main pulmonary artery ,
anastomosing the proximal pulmonary artery to the aorta
and providing a controlled shunt from aorta to the distal
pulmonary artery. We have had little experience with this
procedure and believe that until more data are available,
pulmonary artery banding still may be an acceptable means
of treating pulmonary edema in the neonate with univen-
tricular heart and anterior subaortic outlet chamber. Once
pulmonary artery banding has been performed , the patient
must be monitored carefully for development of subaortic
outlet obstruction . Further operation is indicated at .the first
sign of subaortic outlet obstruction . Penkoske et al. (36)
suggested that even a pressure gradient provoked only by
isoproterenol may identify the patient at increased operative
risk.
Elimination of obstruction. Which type of operation is
best once outlet foramen obstruction has occurred is un-
known . Como et al. (33) recommended that the outlet for-
amen be enlarged. The use of this technique resulted in the
death of one patient previously reported on (15). Como et
al. also recommended bypassing the obstructed outlet for-
amen by using the proximal pulmonary artery to perfuse the
aorta . Penkoske et al. (36) used the technique of Neches et
a1. (49) to successfull y create an aortopulmonary window
in two of their patients . One patient is currently await ing a
modified Fontan procedure , and the other died of low cardiac
output failure when a modified Fontan procedure was at-
tempted 4 \14 years later. Both of the patients in whom we
attempted an aortopulmonary anastomosis died. One of the
patients , however, had a double outlet outlet chamber with
severe subpulmonary obstruction . In this patient. a simul-
taneous resection of the outlet foramen was attempted .
"Corrective" operations. McKay et al. (35) used sep-
tation of the ventricle as a means of repairing the univen-
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tricular heart, but they have had no success in the five
patients with obstructed outlet foramen, Two other patients
with septation described previously (12,31), as well as two
of our three patients with septation, died during the im-
mediate postoperative period, From their experience, McKay
et al. (35) theorized that reduction in ventricular cavity size
and decreased compliance secondary to myocardial hyper-
trophy, as well as an increased susceptibility to myocardial
necrosis at the time of surgery, were the causes of death in
their patients with obstructed outlet foramen. Because of
the high risk with septation, they recommend a modified
Fontan procedure for these patients.
Unfortunately, decreased ventricular compliance also
make ~ the patient a poor candidate for a modified Fontan
procedure. The filling pressure required by a noncompliant
left ventricle results in excessive right atrial pressure. Inour
group, 6 of the 13 patients in whom a modified Fontan
procedure was attempted died of low cardiac output within
72 hours, with left atrial pressures as high as 30 mm Hg.
Inaddition, one of the five patients reported on (27,38) also
died of low cardiac output during the immediate postop-
erative period.
Resection of outlet foramen by aortopulmonary anasto-
mosis as initial procedure. On the basis of our findings that
patients with high grade obstruction (as evidenced by cath-
eterization and surgical gradients across the outlet foramen
and suggested by the outlet foramen area referable to aortic
root area or body surface area) develop a hypertrophied
ventricle and that patients with severe ventricular hypertro-
phy develop subendocardial ischemia (as evidenced by ST
depression and histologic evaluation of our nonsurvivors),
we concur with McKay et al. (35) that a satisfactory repair
by septation or modified Fontan procedure is unlikely in
these patients. A reasonable alternative is to attempt to re-
duce the outlet obstruction. Thus, although enlargement of
the outlet foramen or bypass of it by an aortopulmonary
anastomosis may be associated with a high mortality rate,
the rate is still less than that of "more corrective," that is,
Fontan or septation, procedures. We, therefore, favor re-
section of the outlet foramen or an aortopulmonary anas-
tomosis in patients younger than 10 years old or those with
a high pressure gradient across the foramen. We hope that
by reducing the obstruction to aortic flow, the ventricular
myocardium will return to a more normal state with im-
proved compliance and less ischemia; at that time, the mor-
bidity and mortality of a modified Fontan procedure or sep-
tation may be more acceptable. Although there were no
successful repairs in this series in a patient with univentri-
cular heart and obstructed anterior subaortic outlet chamber
by this approach, we have used such resection successfully
in one patient with tricuspid atresia, transposition of the
great arteries and restrictive ventricular septal defect. After
pulmonary artery banding, the patient had a 116 mm Hg
pressure gradient across his ventricular septal defect. The
outlet foramen was resected, and 81/ 2 years later with a 17
mm Hg pressure gradient across the ventricular septal de-
fect, he successfullyunderwent a modified Fontan procedure.
Cardiac status of survivors. Even if the patient sur-
vives operation, he or she usually is symptomatic. Only our
three survivors with the shortest follow-up are asympto-
matic. The symptoms in our patients may be related to
operation on patients with complicated congenital heart dis-
ease in general, such as patch dehiscence or cyanosis, or
they may be a direct result of chronic myocardial hypertro-
phy and ischemia, such as dyspnea or arrhythmias. Only
one of two survivors reported on by Moreno-Cabral et al.
(27) was asymptomatic I year after operation. The other
developed congestive heart failure with poor ventricular
function. Penkoske et al. (36) reported that one of two
patients who survived a Fontan procedure developed mild
to moderate aortic insufficiency and the other has subse-
quently died (Freedom RM, personal communication). Part
of the reason for the poor prognosis in survivors may be
decreased ventricular function secondary to the fibrosis caused
by chronic myocardial ischemia. The myocardium of our
patient who survived his initial repair, but subsequently
died, continued to show moderate changes of fibrosis and
myocyte vacuolization.
Conclusions. Univentricular heart with obstructed an-
terior subaortic outlet chamber secondary to pulmonary ar-
tery banding or natural pulmonary stenosis has a poor natural
history and a high operative morbidity and mortality. We
hope that newer techniques, such as direct relief of the outlet
obstruction or bypass of the obstructed outlet foramen by
an aortopulmonary anastomosis as a first stage with a sub-
sequent Fontan or septation procedure, will improve the
otherwise dismal outlook in this condition.
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